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INTRODUCTION 
Because the world's population is increasing in numbers and more 
than half of the world's population is suffering from protein shortage, 
it is important that the scientific feeding of animals now involves the 
use of the various proteins available in feedstuffs in the exact combina­
tion which provides an adequate level of available nitrogen and protein 
for optimum protein anabolism in the animal. At the same time, research 
in nutrition is trying to expand using many complexities of proteins 
from animal by-products and disposal of animal waste to help meet the 
world's protein needs and to help solve the problem of disposal of animal 
wastes. Since some species of animal have the ability to convert poor 
quality feed to a good quality animal protein food, many investigators 
have recently focused on the development of poultry by-products from 
offal and blood in feedstuffs. The keratin proteins, from feathers, 
hair, horn and hoof, have been considered to be of little nutritive 
value because of their chemical structure which makes them both poorly sol­
uble and indigestible. Therefore, many researchers have tried to develop 
proper processing methods for keratin-type proteins to produce digestible 
and acceptable animal feed and this has stimulated new investigations of 
the nutritive value of keratin-type protein. 
Soybean meal is the primary protein source in poultry feed today in 
the United States and other countries. It is no secret that more uses 
are being found for soybeans in food for human consumption. Therefore, 
researchers in the field of poultry nutrition must search for ways to 
further increase the quantity and quality of other protein products that 
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can partially or totally substitute for some of the soybean meal or some 
of the other protein sources that are now being used in animal feeds. 
As more soybeans are used for human food, the use of soybean meal in 
poultry feed must be reduced as well as utilized in a most efficient, 
economic manner. 
For these reasons, this series of experiments was designed to 
investigate the effects of whey and yeast on the digestibility of 
nutrients of feather meal. In addition, an attempt was made to determine 
the protein quality of feather meal on poults growth, feed utilization 
and nitrogen retention. 
Hopefully, these studies will contribute to the knowledge of the 
value of feather meal protein, when supplemented with whey or yeast, for 
other species and will evaluate their practical application to commercial 
usage in mixed feeds. 
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REVIEW OF LITERATURE 
Unidentified Growth Factors for Poultry in Dried 
Whey, Yeast and Fish Solubles 
The study of unidentified growth factors (UGF) for poultry indicates 
that the animal protein factor (APF) complex is composed of unidentified 
factors in addition to vitamin 3^2> and that such unidentified factors 
are required for maximum chick growth (Carlson et al., 1949; Menge et al., 
1949; Stokstad et al., 1949; Combs et al., 1950; Sunde et al., 1950). 
Berry et al. (1943), Hill et al. (1944), Hill (1948), Reed et al. (1951) 
and others reported the existence of a chick growth factor in dried whey 
(EW) which has been termed the "Whey Factor" (WF) . 
Camp et al. (1954) reported that there were two distinct unidentified 
growth factors required by the chick for maximum growth: "FF" found in 
fish solubles and "WF" found in dried whey, a distiller's fermented 
solubles and hydrolyzed whey. In subsequent studies. Camp et al. (1955), 
with a practical type diet, suggested the presence of one or more unidenti­
fied chick growth factors in dried whey, fermented whey, hydrolyzed whey, 
fish solubles and antibiotic fermentation residues. They found that these 
growth factors significantly increased weight gain when supplemented alone 
or in combinations. There appeared to be one factor present in whey 
products and a second in fish solubles. Combs et al. (1954) supported the 
idea of the multiplicity of the "unidentified growth factors". In 
contrast. Summers et al. (1959), from experiments involving a practical 
diet, reported that dried whey did not supply an unidentified factor not 
present in fish solubles. 
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Griffith and Schexnailder (1971) obtained a significant growth 
response in chicks by feeding Streptomyces residue and UGF concentrate. 
Reed et al. (1951) conducted a series of experiments by adding to the 
diet a source of unidentified factors in the form of dried whey (3 to 5%). 
They found that the addition of dried wh^ produced an increase in weights 
of birds in all instances, even when an APF concentrate was fed containing 
aureomycin or penicillin. They found that the increase in weight obtained 
by feeding dried whey resulted when only 3% of this product was used. 
They also noted that feeding dried whey produced an increase in weight of 
birds even when they were kept on litter. It seems possible that dried 
whey may have stimulated the intestinal synthesis of unidentified growth 
factors, although it is rather evident that lactose alone failed to 
stimulate such synthesis to any appreciable extent. 
Al-Ubaidi and Bird (1964) studied the unidentified growth factors in 
dried whey by using four levels of dried whey (1, 2, 4 and 8% of a purified 
basal diet) . Th^ reported that the 4% level gave a maximal or near-
maximal growth response. Chicks fed this level of dried whey weighed 
approximately 30 grams more at 4 weeks of age than chicks fed no whey. 
They also fed diets with graded amounts of whey and fish solubles in a 
factorial arrangement of treatments. The results made it clear that 
there are two different growth factors in dried whey and fish solubles 
and better results were obtained with a combination of whey and fish 
solubles than could be obtained by feeding higher levels of either 
supplement singly. The responses suggested that the fish solubles 
contained a low level of the whey factor in addition to its high concen­
tration of the fish factor. Several other groups have also demonstrated 
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this response with purified diets (Carlson et al., 1949; Menge et al., 
1952; Peterson et al., 1953; Jones et al., 1954). On the other hand, 
Damron et al. (1971) obtained results which contradicted these results 
from two similar eight-week experiments in floor pen on the influence 
of partially delactosed whey, fish meal and supplemental biotin, alone 
and in combination, upon the growth and feed efficiency of broilers. 
The data indicated that the addition of either 3% fish meal, 1.5 or 3% 
delactosed whey or 100 or 200 mg/ton supplemental biotin to a commercial-
type broiler diet did not result in a significant response as measured by 
body weight or feed efficiency. However, when either level of biotin or 
whey was added to a diet containing the other material, a significant 
growth response was indicated at four weeks of age. Numerical response 
trends also were noted at eight weeks of age but were not statistically 
significant. 
Beneficial effects of unidentified factors on egg production have 
been reported by Wiese et al. (1948), Peterson et al. (1948), Schlamb and 
Winter (1948), Couch et al. (1950), Patterson and Blaylock (1953), 
Kumick et al. (1955a), Jensen and McGinnis (1957) and others. 
Latif and Quisenberry (1967) studied the unidentified factors in 
least-cost rations for commercial layers. They reported that delactosed 
whey increased, and dried fish solubles significantly depressed, body 
weight. Other UF sources had no effect. Fish meal, yeast culture with 
fish meal, DDS and mixed UF sources increased egg production, but only 
the increase from distillers' dried solubles was significant. Antibiotic 
fermentation solubles, dried whey product and a combination of DW and DFS 
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significantly increased egg size. Dried fish solubles and yeast culture 
alone significantly decreased feed efficiency. 
Whiteside et al. (1961) also reported that hens receiving diets con­
taining fermentation residue, distillers' dried solubles, or dried whey as 
supplements to the basal diets gained from 27 to 69 grams more in average 
body weight per hen than did the basal group. Feed utilization, calculated 
on the basis of pounds of feed per dozen 24-ounce eggs, was improved and 
egg production also significantly increased. Kumick et al. (1955b) 
reported that the addition of 4% dried whey to a Drackett assay protein-
sucrose diet improved the growth of pullet chicks, decreased the age at 
sexual maturity, increased egg production and improved hatchability. They 
found that, although there was about a 10% improvement in hatchability, 
normal hatchability was not obtained; therefore, th^ considered dried whey 
to be inadequate as a source of hatchability factors in the semi purified 
diet fed. In subsequent studies, Arends and Gehle (1972) studied the 
influence of milk products on the productive performance of broiler breeder 
hens. They reported that hens fed a diet containing 1.5% of an all-dairy 
product were better in all parameters of reproductive performance and pro­
duced 1.33% more eggs on 0.09 kilograms less feed than hens fed the control 
diet. Fertility was improved by 1.25% and hatch of fertile eggs was im­
proved by 0.92% in eggs from hens fed the 1.5% level of all-dairy product. 
Tonkins on et al. (1965) reported that a yeast culture and lecithin, 
added either separately or in combination to the diet of laying hens, 
improved the digestibility of tallow. Dried brewers* yeast was not as 
effective as the yeast culture in improving tallow digestibility. The 
adjusted means for fat digestibility were 86.3% with lecithin and 83.3% 
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without lecithin. The ration which contained yeast culture and tallow had 
a fat digestibility of 88%. The same ration with brewers' dried yeast in 
place of yeast culture had a fat digestibility of 85.7%. In the ration 
which contained tallow, yeast culture and lecithin, the coefficient of fat 
digestibility was 89.9% and the same ration, but containing brewers' dried 
yeast in the place of yeast culture and without lecithin, had a coefficient 
of fat digestibility of 82.6%. In the ration which contained "Sifteen", 
the coefficient of fat digestibility was 92.8% when yeast culture was 
added, but only 89.4% when brewers' dried yeast was used in the place of 
yeast culture. They suggested that this difference in fat digestibility 
of 3.4% was reflected in body weight change. In a ration containing com 
oil, there was no effect on fat digestibility due to yeast culture. 
Unidentified growth factors for turkey poults have been reported to 
be present in fish mesJ,, fish solubles, distillers' dried solubles, liver 
preparations, dried brewers' yeast, dried skimmilk, dried whey, wh^ 
products, and grass or alfalfa juices by German et al. (1948), Atkinson 
and Couch (1951a,b and 1953), Couch et al. (1954), Patrick (1951a,b), 
Scott (1951a,b and 1952), Menge et al. (1952), McGinnis et al. (1952), 
Atkinson et al. (1953), Halbrook et al. (1953), Combs et al. (1954) and 
Hixson and Sosner (1954). Improved growth of poults by unidentified 
growth factors also was reported by Combs and Shaffner (1950), Menge 
and Combs (1952) and others. 
Scott and Jensen (1952), using refined experimental diets, obtained 
evidence that more than one unidentified factor is required by poults. 
Atkinson et al. (1955a) conducted a series of experiments to test the 
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effectiveness of UGF sources for Broad Breasted Bronze turkey poults. 
Th^ concluded that dried whey and whey products, dried brewers' yeast 
and condensed fish solubles all contained unidentified growth factors 
for turkey poults. Two and one-half percent of dried whey or condensed 
fish solubles did not supply sufficient quantities of unidentified 
factors since 5% of each factor was required for maximum growth. There 
was an indication that the growth factor in dried brewers' yeast may be 
the "fish factor". They also found that delactosed whey (2.5%) produced 
as great response as did 5% dried whey. This would indicate that the 
"whey factor" might be associated with protein since increasing the 
protein apparently increased the quantity of unidentified factor in the 
product. Suppléé et al. (1956) also reported that when poults were fed 
a purified diet (Drackett C-1 assay protein-sucrose), supplementing the 
diet with a mixture of condensed fish solubles, distillers* dried solubles, 
distillers* dried yeast, dried whole wh^ or molasses distillers' dried 
solubles improved the hock condition and increased gains of poults by as 
much as 40%. In contrast. Miller and Balloun (1966) did not obtain a 
significant response with poults when a simplified corn-soy diet was 
supplemented with fish meal, brewers' yeast, yeast culture or dried wh^, 
alone or in various combinations. The addition of 4% fish meal or the 
combination of 2% fish meal and 2% brewers' yeast or yeast culture 
improved weight gain of female poults by 10-15%; however, a second experi­
ment failed to substantiate these results. They also found that the 
incidence of leg disorder was no greater for the poults fed the basal 
diets than when the UGF sources were added. In subsequent studies, 
Balloun et al. (1968) conducted an experiment to determine the effect of 
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biotin, yeast and com distillers* solubles with practical turkey starter 
diets. They found that dried brewers' yeast did not affect weight gains, 
feed conversion or incidence of faulty hocks or legs in poults. Combs 
et al. (1957) reported that turkey broilers reared in floor pens with 
litter failed to show any improved growth or feed efficiency when dried 
brewers' yeast, dried whey, dried distillers' molasses solubles, dried 
com distillers' solubles, dried butyl fermentation solubles, or other 
fermentation products were added, alone or in combinations, to com-
soybean meal rations containing sources of fish factor. 
Atkinson et al. (1955b) reported that the hatchability of eggs from 
Broad Breasted Bronze turkey hens was not increased by the addition of 
unidentified factor sources to an all-vegetable protein diet during the 
first eleven weeks of a seventeen-week study. Th^ concluded that dried 
whey did not have any appreciable effect on the hatchability of fertile 
eggs in this study. Touchbum et al. (1972) conducted a series of 
experiments to determine the effect on hatchability and progeny growth 
of unidentified factors in turkey breeder diets. The data indicated 
that poults from hens fed the basal corn-soybean diet or the corn-soybean 
plus whey diet grew significantly less rapidly than those from hens fed 
the complete diet or the corn-soybean meal diet supplemented with fish 
or combinations of fish with whey or with whey plus alfalfa. The addition 
of dried fish solubles improved the hatchability of fertile eggs in both 
types of diets (corn-soybean and purified diet). Dried whey products, 
in contrast, did not improve hatchability. The addition of fish solubles 
to the purified breeder diet increased the four-week poult weight, 
especially when poults were fed a corn-soybean starter diet. The dried 
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whey, on the other hand, produced no carry-over effect on growth. These 
same samples of fish solubles and whey, however, were both shown to possess 
unidentified growth factor activity when added to the corn-soybean basal 
diet of depleted poults. A combination of these supplements added to the 
corn-soybean diet resulted in a slightly greater response than either 
supplement alone. An interesting observation concerns the response to 
dried whey products. This material produced no activities whatsoever 
in hatchability or carry-over effect from the dam to the poults. Yet the 
same sample of dried whey products, when incorporated in the diet of 
poults, did elicit significant growth responses. The authors suggested 
that the whey factor effect might, therefore, more logically be due to 
changes in the intestinal microflora of the poults. 
Chang and Waibel (1970) also reported that there were greatly 
different responses elicited by dietary antibiotics and sources of 
unidentified factors within the same sources of turkey poults and the 
same laboratory. In the first year, they found that a mixture of 
unidentified factor sources with and without zinc bacitracin, yielded 
no growth response. In two subsequent years, however, growth response 
was obtained from whey, alfalfa and fish solubles, but not from a sea-
water extract. 
Protein Quality of Feather Meal for Poultry 
The keratin proteins have been considered of little nutritive value 
because of their chemical structure which makes them both poorly soluble 
and digestible. Fruton and Simmonds (1960) noted that the keratins are 
classified in the scleroprotein group because of their insolubility in 
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aqueous solvents. Harrap and Woods (1964) reported that approximately 85 
to 90% of protein from feather meal comes from keratin. Feathers contain 
approximately 85% crude protein and could supply dietary protein to the 
poultry diet if processed so as to make the protein digestible. 
Early attempts to use powdered sources of keratin as dietary protein 
were only slightly successful, even when amino acid supplements were 
provided to offset the deficiencies of these proteins. Block (1939) 
analyzed unprocessed feather protein and found it contained large amounts 
of glycine, cystine, arginine and phenylalanine. Routh (1942) found 
feather meal deficient in tryptophan, methionine, lysine and histidine 
for rats. Newell and Elvehjem (1947) reported that powdered chicken 
feathers allowed only poor growth when fed to chicks and rats. Gregory 
et al. (1956) showed that amino acids in feather protein are relatively 
stable during steam pressure processing, with the exception of arginine, 
phenylalanine, isqluecine and cystine. Of these, the only one showing 
considerable loss was cystine. Mo ran et al. (1957b) found that autoclav-
ing hog hair reduced the cystine content from 11.0 to 3.5% of the protein, 
but glycine was increased as a percent of the protein. 
Processed keratin meals have teen shown to be of considerable value 
as a source of feeds tuffs (Mb ran et al., 1967a,b; Mo ran and Summers, 1968a). 
Use of these meals under practical circumstances is limited because of 
severe methionine and lysine inadequacies (Moran and Summers, 1968b; 
Moran et al., 1969). However, Wilder et al. (1955), Lillie et al. (1956), 
Naber and Morgan (1956), Sullivan and Stephenson (1957) , McKems and 
Ritterspom (1958), Wisman et al. (1958), Naber et al. (1961), and Moran 
et al. (1966) reported that feather meal is of value as a protein source 
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when used to replace limited quantities of various protein feedstuffs in 
a practical ration. 
Because of the good replacement value of feather meal for chicks at 
higher dietary protein levels (20-23%) and poor substituting ability at 
a low dietary protein level (15%), Sibbald et al. (1962) suggested that 
the prime value of feather meal may be as a source of "nonspecific 
nitrogen". Their findings indicated that the added nutritive value of 
feather meal was not entirely due to its zinc content. Eomoser (1955) 
reported that at least 2.5% of feather meal may be added in broiler diets, 
provided there are adequate concentrations of all essential amino acids. 
This suggested to him that feather meal may be a satisfactory source of 
nonprotein nitrogen. 
Fuller (1956) showed that fish meal could be replaced by feather 
meal in practical broiler diet if methionine levels were adequate. Moran 
et al. (1966) reported that commercial feather meal proved equal to 
isolated soybean protein in promoting growth when fed as a sole source 
of protein (15%) supplemented with four amino acids. The order of limiting 
amino acids was methionine, lysine, histidine and tryptophane, respectively. 
Naber et al. (1961) showed that when feather meal was used to supply 
one-third or more of the total dietary protein, amino acid deficiency 
problems were encountered. In experimental diets where com, soybean meal 
and feather meal each contributed one-third of the crude protein, lysine 
and methionine supplementations were required to restore maximum growth 
rate. When one-half or more of protein was contributed by feather meal, 
the amino acid deficiencies extended to tryptophane, histidine and 
perhaps other amino acids. They concluded that the failure to obtain 
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maximum growth even with adequate amino acid supplementation may be due to 
the inability of the chick to digest and assimilate amino acids from 
feather meal protein. Tsang et al. (1963) concluded that feather meal 
can be used in broiler rations containing 20% protein at levels of 4% of 
the diet. In rations containing 22-26% protein, up to 8% of the diet may 
be feather meal. 
Morris (1972) found that feather meal protein should not exceed 5% 
of the diet in a corn-soybean diet with no amino acid supplementation, but 
feather meal protein could be included at a level of 5 to 6% when the 
diet was supplemented with methionine and lysine. He concluded that no 
more than 6% feather meal protein should be used, regardless of methionine 
and lysine supplementation. 
Gerry (1956) found that feather meal could replace part of 
the animal protein and/or some of the soybean meal protein in broiler 
rations. Menge et al. (1956) fed both feather meal and the ash derived 
from it and obtained a significant growth response in chicks. He con­
cluded that feather meal may contain an essential inorganic phosphorus. 
Fuller (1956) and Stephens et al. (1959) also obtained a response to an 
inorganic growth factor in feather meal. 
Harms and Goff (1957) indicated that an unidentified factor, 
necessary for normal hatchability, is present in feather meal. Romoser 
(1955) and Fuller (1956) also had reported an unidentified growth factor 
in feather meal. Naber and Morgan (1956) found that feather meal had a 
growth stimulating effect distinguishable from that of vitamin 3^2• 
Lillie et al. (1956) demonstrated that feather meal elicited a growth 
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response similar to that obtained from fish meal, even when the rations 
were calculated to provide the same amount of protein. 
Wisman et al. (1958) found that feather meal was a satisfactory source 
of animal protein when used to replace as much as one-sixth of the crude 
protein of a chick ration. They noted that appreciable quantities of 
riboflavin, niacin, pantothenic acid and vitamin stimulated growth 
equally when added to a vitamin Bi2-deficieat basal ration. This sub­
stantiates the results of Gregory et al. (1956) that feather meal contains 
sufficient amounts of vitamin B]_2. 
Summers et al. (1965) showed that in purified diets, feather meal, 
used as the sole source of protein with supplemental amino acids, supported 
only moderate growth and then proved to be inferior to isolated soybean 
protein with methionine. Naber and Morgan (1956) reported an increase in 
nitrogen retention by chicks receiving feather meal-supplemented rations. 
They could not give an explanation for these results, since growth incre­
ments during the test periods were approximately the same for all groups. 
On the other hand, Morris (1972) reported that nitrogen retention 
decreased linearly when feather meal protein was added at increasing 
levels of 3 to 9% to broiler diets. A marked decrease in nitrogen 
retention was observed only with the 9% feather meal protein diet. 
Wessels (1972) conducted a series of experiments using three 
hydrolyzed feather meals (South African, Argentinian and Canadian). He 
reported that the South African feather meal gave better nitrogen retention 
when supplemented with methionine, lysine, histidine and tyrosine, while 
tryptophane supplementation had no effect. The amino acids evidently were 
limiting in the order in which they are listed. Yet, added methionine 
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would only give a response when supplemental lysine (but not supplemental 
histidine) was present. He concluded that an Argentinian hydrolyzed 
feather meal of dark color proved less well-utilized than the South 
African and Canadian meals studied, whether or not supplemented with 
lysine and/or methionine and/or histidine. 
Gehle et al. (1967) found that hydrolyzed hog hair was better 
utilized by older chicks. Morris (1972) reported that young chicks do 
not adapt to feather meal protein when it is included in their diet at an 
early age, but older chicks made more efficient use of feather meal 
protein. He indicated that, as the chicks grew older, their nitrogen 
retention was equivalent to that of chicks fed the corn-soybean meal diets. 
Effect of Processing Methods on the Nutritive Value 
of Feather Meal Utilization by Poultry 
Because of the apparent dependence of digestibility on the structure 
of feather keratin. Draper (1944) first tried treating feathers with 
sodium sulfide and sodium hydroxide and obtained favorable results when 
the resulting meal was fed to chicks. Binkley and Vasak's (1951) 
development of a method for processing feathers into a friable, high-
density meal stimulated new investigations of the nutritive value of 
feather keratin. However, one outstanding difference between raw feathers 
and processed feather meal is the drastic reduction in cystine content 
(Gregory et al., 1956; Moran et al., 1966). McKems and Ritterspom 
(1958) fed feather meal that had been processed with 50 pounds steam 
pressure for one hour. They found that hydrolyzed feather meal could 
substitute effectively in a commercial broiler corn-soybean meal diet at 
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a level equivalent to 25% of the total protein. Moran et al. (1966) found 
that feather meal autoclaved for 18 hours at 121°C, and supplemented with 
amino acids, supported good growth. Raw feather meal failed to support as 
good a growth, regardless of amino acids supplementation, as did feathers 
autoclaved for 30 minutes at 121°C and those treated with sodium sulfide. 
In subsequent studies, Moran et al. (1967a) showed that raw hog hair used 
as the sole source of protein did not support normal growth, regardless of 
amino acid supplementation. Replacing 5% of soybean meal protein by 
properly processed hog hair (50 psi for 30 minutes) in a corn-soybean meal 
diet resulted in chick growth and feed efficiency comparable with the 
basal diet. They found that when the processed hog hair replaced all the 
soybean protein, severe growth depression resulted. This was rectified 
by supplementation with lysine, methionine, tryptophane and glycine. 
Sullivan and Stephenson (1957) conducted a series of experiments to 
determine the effects of processing methods on the nutritive value of 
hydrolyzed poxiltry feathers. They found that the addition of 7.5% feather 
meal to the diet significantly decreased chick growth as compared with the 
corn-soybean group. The differences in growth response were small among 
different processing methods but the greatest growth rate was obtained 
from a product processed with 35 pounds steam pressure for 60 minutes. 
They concluded that as little as 15 pounds of steam pressure for 20 
minutes is effective in improving the feather protein for chicks. Naber 
et al. (1961) stated that the processing method of feather meal does 
affect the nutritive value of the product. They found that a sample of 
feather meal containing 64% pepsin-digestible protein was inferior to 
other samples containing 70 to 85% pepsin-digestible protein when fed to 
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chicks as the sole source of protein. Morris (1972) also conducted a 
series of experiments to determine the effect of processing methods on 
utilization of feather meal by broiler chicks. He found that analysis 
of five variously-processed feather meals indicated that more drastic 
cooking than what is considered "standard" (35 psi for 30 minutes) may 
be beneficial in releasing more free amino acids and increasing the 
feather meal digestibility. Feather meal "D" (50 psi for 50 minutes) 
produced slightly superior results and contained more free methionine, 
lysine and histidine when compared with other feather meals throughout 
this series of experiments. When all the soybean meal protein was 
replaced by feather meal protein, feather meal D produced the greatest 
gains and best feed efficiency when compared with meals cooked at lower 
pressures or for shorter periods of time. 
McCasland and Richardson (1966) reported that rats fed raw feathers 
as the sole source of protein lost weight and the mortality was 100%, 
while those fed hydrolyzed feathers failed to gain weight but none 
succumbed during a six week test period. Hydrolyzed feather meal, 
when supplemented with lysine, methionine, tryptophane and histidine, 
supported a rate of growth slightly less than that obtained with an 
equivalent amount of purified soybean protein. They found that a 
quantitative microscopic determination of the feather meals in feces of 
rats showed that 7.7% of raw feathers and 80.3%, 81.7% and 82.1%, 
respectively, of hydrolyzed feathers (3 trials) were digested. 
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Digestibility Coefficient of the Proteins 
and Fats in Poultry Feeds 
The determination of the digestibility coefficients of proteins and 
fats in feeding stuffs is of considerable practical interest to the 
poultry industry. A difficulty arises in determining digestibilities with 
avian species because they excrete feces and urine together. The excre­
tion of the urinary constituents along with the undigested materials 
througji a common aperture renders it impossible to make direct estimation 
of the digestibility of feeds. Several investigators have attempted to 
separate the feces from the urine in poultry excreta. 
Ekman et al. (1949) noted that there are three main ways for the 
determination of the undigested protein in poultry: 1) by surgically 
forming an artificial anus, i.e., separated channels for feces and urine, 
2) by mechanical separation of the urine from the feces in the mixed 
excreta (removal of the "white cap" from the excreta), and 3) by chemical 
separation of fecal nitrogen from urinary nitrogen. 
Potter et al. (1962) and Stutz and Matterson (1964) estimated the 
amount of undigested nitrogen in poultry feed by assuming that 80% of the 
urinary nitrogen excreted by the bird was in the form of uric acid, based 
on experiments conducted by Katayama (1924) and O'Dell et al. (1960). 
Field and Ford (1900) and Brown (1904) estimated the amount of undigested 
nitrogen in poultry feed by subtracting the uric acid and ammonia nitrogen 
from the total in the mixed excreta. St. John et al. (1932) calculated 
the total urinary nitrogen by multiplying the sum of the uric acid and 
ammonia by 1.25. This method has also been used by MacDonald and Bose 
(1944). Coulson and Hughes (1930), from a review of literature, concluded 
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that the combined nitrogen from uric acid and ammonia represents only 
80% of the total urinary nitrogen. 
Many investigators have tried to devise means to measure protein 
and fat digestibility in poultry from collections of the mixed excreta. 
Ekman et al. (1949) developed a method of direct chemical analysis for 
the determining of the fecal nitrogen in mixed, natural droppings from 
poultry by using uranyl acetate to precipitate the protein after the uric 
acid had been solubilized by oxidation with potassium permanganate. 
This method also has been used by Yoshida et al. (1963). They reported 
that the digestibility of protein by the procedure of Ekman et al. (1949) 
was satisfactorily estimated. They found that the variance due to error 
in chemical analysis was small when compared with the biological error 
due to the individual group of chicks. Scott et al. (1969) stated that 
this method appears to have worked well, but further investigations are 
needed to establish its general applicability. 
Potter et al. (1962), Stutz et al. (1964) and Tonkinson et al. (1965) 
calculated the quantity of digestible fat in diets based on the assumption 
that the metabolic and urinary fat is negligible and all of the fat in 
the excreta is fecal fat. However, Mehring et al. (1961) reported that 
ignoring the fat content of the urine when making estimates of the digesti­
bility of the fat in the diet of the chicken, although a common practice, 
may cause a serious error. They observed that the urinary fat comprised 
about one-tenth to one-third of the total fat in the excreta of eight-week 
old chickens and the error for some of the diets was 1.91 to 6.54%; 
therefore, they concluded that the urinary fat should be taken into con­
sideration in determining the digestibility of fat by the chicken. 
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CHEMICAL DETERMINATIONS 
Determination of Uric Acid in Avian Excreta 
Uric acid in excreta was determined as described by Pudelkiewicz et 
al. (1968). One-gram samples of the dry, finely ground excreta were 
quantitatively transferred to 250 ml volumetric flasks. The neck of each 
flask was washed down with two 25-ml portions of 0.5% Li2C03 solution. 
After extracting for one-half hour with frequent swirling of the samples, 
the flasks were made up to volume with distilled water and mixed by 
inversion. A portion was centrifuged to remove solids, and a 1:10 dilu­
tion of an aliquot of each sample was made with glycine buffer (0.1 M, 
pH 9.2 ± 0.1). One-ml aliquots of each of the diluted uric acid samples 
were pipetted into 15 ml tubes. A blank was prepared, using 1 ml of 
glycine buffer and 9 ml of uricase solution (50 mg uricase dissolved in 
0.1 M glycine buffer). The blank tubes were covered with paraffin paper 
and mixed gently by inversion, with care taken not to form bubbles, which 
interfere with the extinction reading. Cell corrections for possible 
changes in absorbance of uricase solution were obtained by reading the 
blank solution at 292 my^ and after incubation. Extinction readings on 
test samples were made by adding 9 ml of uricase solution from a fast 
flow serological pipette, mixing as above, reading, and returning solution 
to original test tube. After all the samples were read, they were 
Uric acid strongly absorbed ultraviolet light of wave-length 292 my 
(Beckman Model DU spectrophotometer) and was specifically and completely 
converted to nonabsorbing products by action of enzyme uricase. Therefore, 
the decrease in absorbance which occurred at 292 my upon incubation of 
uricase was a direct measure of the uric acid content of solution. 
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incubated at 45°C for 4 hours. A pan of water in the incubator kept 
evaporation from the tubes to a minimum. After the incubation period, 
cell corrections were again made, using che incubated blank solution 
followed by the terminal extinction readings of the samples. Uric acid 
was calculated using the following equation: 
mg uric acid/g excreta = ~ E(terminal^ x dilution factor 
k X sample weight x 1000 
where 
E = corrected extinction reading 
k = change in extinction/mg of uric acid/ml obtained from the 
calibration curve. 
Nitrogen Retention 
Feed and feces were prepared for chromium analysis according to the 
procedure outlined by Ewan . Feed and feces were dried and kept in 
desiccators before all determinations. One-gram samples were accurately 
weighed on a filter paper and placed in a 100 ml Kjeldahl flask. Glass 
beads (3) were added and 15 ml of concentrated nitric acid was added. 
The samples were allowed to stand overnight and then slowly heated in 
the flasks and brought to a boil. Boiling continued until about one-half 
of the nitric acid was distilled off. Kjeldahl flasks were then removed 
from the heat and allowed to cool for 5 to 10 minutes. Concentrated 
perchloric acid (8 ml) was added and heating was resumed. Heating was 
continued for 30 minutes after the last of the nitric acid left the 
^R. C. Ewan, 337 Kildee Hall, Iowa State University, Ames, Iowa. 
Determination of minerals in feeds. Personal communication, 1972. 
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digest. (This may be accompanied by rapid oxidation, clearing of the 
digest and the appearance of white fumes.) Flasks were removed from the 
heat and allowed to cool for 10 minutes. Hydrochloric acid (3 ml of 5N) 
was added and heating was resumed. After the hydrochloric acid and water 
were driven off, and white fumes condensed in the neck of the flask, heat­
ing was continued for 10 minutes. After cooling, the samples were trans­
ferred quantitatively to a volumetric flask. The amount of chromium in 
samples was assayed by the atomic absorption procedure of Williams et al. 
(1962). 
Nitrogen in dried excreta and feed was assayed by the standard macro-
Kjeldahl method. Grams of nitrogen gained per gram of diet was calculated 
by using the following equation: 
g N gained/g diet = g N/g diet - (g N/g excreta)(mg CrzOs/g diet) 
mg CrgOg/g excreta 
Indirect Method for Measuring Protein 
Digestibility in Avian Species 
The crude undigested protein coming from the diet was determined as 
described by Ekman et al. (1949). One gram of dried, finely ground excreta 
was weighed into a 250 ml glass beaker and wetted with a few ml of ethanol 
to aid dispersion. Distilled water (50 ml), 40 ml of boric acid buffer 
solution with a pH about 8.0, and sufficient 0.1 M potassium permanganate 
solution to provide about 2 ml for every 10 mg total nitrogen in the 
sample (generally about 10 ml) were added. The beaker was then placed in 
a water bath at a temperature of 50° ± 0.5°C and stirred frequently for 
35 minutes. Immediately after this, 25 ml of a 0.16 M uranyl acetate 
23 
solution was added and the sample was boiled and left overnight to cool 
and to allow the precipitate to settle. The next day the sample was 
filtered through a rapid filter paper (Munktell's OOR, 15 cm) and the 
residue was washed with 250 ml of 1% uranyl acetate at room temperature. 
The precipitate was usually well flocculated, so the processes of filter­
ing and washing were quickly completed. The filter paper with residue 
was then transferred to a 500 ml Kjeldahl flask and the nitrogen content 
was determined in the usual way by the method outlined by the Association 
of Agricultural Chemists (1965). Total nitrogen content in dried feed was 
assayed by the same method. The uric acid in excreta was determined as 
described by Pudelkiewicz et al. (1968). The quantity of digestible pro­
tein, measured in terms of fecal nitrogen and uric acid, assuming that 80% 
of the urinary nitrogen is made up of uric acid (based on experiments 
conducted by O'Dell et al., 1960 and Potter et al., 1962), was calculated 
by using the following equations: 
% digestibility of protein^ = 100 - finn^ ^^2^3 feed 
% Cr202 in feces 
% undigested protein in feces 
% protein in feed 
mg N digest/g dried diet^ = mg N/g diet - [mg N/g excreta - (1.25) 
(mg uric acid N/g excreta)] 
mg Cr203/g diet 
,mg Cr203/g excreta 
g dried matter/g diet 
where: a = calculated by using Maynard and Loosli's equation (1965), 
b = calculated by using equation of Potter et al. (1962). 
24 
Method of Measuring Fat Digestibility 
The quantity of digestible fat in the diet was determined from the 
chemical analyses on the assumption that the metabolic and urinary fat 
was negligible and all of the fat in the excreta was fecal fat. The fat 
contents of the diets and excreta were determined as described by Renner 
and Hill (1960). The fat content of the diets was determined by ether 
extraction in a Goldfisch extraction apparatus. The total fat excreted, 
including neutral fat and fatty acid, was determined by the following 
modification method. 
A two-gram sample of dried feces, ground to pass a 40 mesh screen, 
was mixed with 3 ml water and 1 ml concentrated hydrochloric acid in a 
small mortar and left for 30 minutes. Six grams anhydrous MgSO^ was 
then added and the ground mixture allowed to stand overnight in an oven 
at 40°C. The mixture was then extracted for 3 hours with petroleum ether 
(60® to 70°C) in a Goldfisch apparatus, after which excess solvent was 
removed in a steam bath and the extract dried for 30 minutes in a forced 
air oven at 105°C. The quantity of the digestible fat was calculated by 
using the equation of Potter et al. (1962): 
mg fat digested/g dry diet = 
mg fat/g diet - (mg fat/g excreta) (mg Cr203/g diet)/(mg (^2^3/8 excreta) 
g dried matter/g diet 
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EXPERIMENTAL PROCEDURE 
General Management and Data Collection 
Seven-day-old Broad Breasted White poults were used in all experiments 
and were fed the Iowa State University starter poult diet during the pre-
experimental period. Birds were confined in 5-deck batteries equipped with 
wire floors, with thermostatically controlled heat throughout the pre-
experimental, and first four weeks of the experimental period. Heat was 
adjusted each week to four weeks of age to the comfort temperature. From 
four to eight weeks of age, for Experiment I, poults were transferred to 
floor pens in a growing house, using wood-shavings as litter. For 
Experiments III and IV, they were transferred to nonheated "intermediate" 
or "finisher" grower batteries. Light and ventilation were adequately 
supplied. Feed and water were consumed ad libitum in all trials. Daily 
observations were made to insure t^at adequate feed and water were avail­
able for each pen. Weight gains and feed consumption were recorded at 
four and eight weeks. A complete factorial arrangement of experimental 
material and treatments was used in all trials, except for the initial 
pen weights, which were restricted to the extent of controlling the weight 
range within arbitrary limits so as to reduce variation within pens and 
between replicates as much as possible. Analysis of variance tests were 
made on the experimental data according to Snedecor and Cochran (1967), 
Cochran and Cox (1968), Steel and Torrie (1960) and Zimmerman (1973)^. 
^D. R. Zimmerman, 337 Kildee, Iowa State University, Ames, Iowa. 
Personal communication, 1973. 
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Objectives 
The overall objectives of these trials were to determine the effects 
of whey and yeast on digestibility of nutrients in feather meal and to 
determine the effect of feather meal on protein utilization and nitrogen 
retention of poults when various levels of feather meal protein were 
included in the diets. 
Another objective was to determine the effect of feather meal upon 
growth response and feed conversion of poults when feather meal was 
included, together with whey or yeast, in various combinations to a corn-
soybean basal diet. 
Experiment I 
Objective 
The objective of this experiment was to study the influence of dried 
whey upon growth and feed efficiency of starter and grower turkey poults, 
when the dried whey was supplemented at the levels of 0, 2 and 4% of a 
simple corn-soybean meal basal diet and a "complete" diet. 
Experimental design 
Ten male seven-day-old Broad Breasted White turkey poults were 
allotted to each of 12 pens, and 12 female poults were allotted per pen 
to another 12 pens. Two replicated groups were fed each of the six 
experimental rations. A simple corn-soybean meal basal diet was tested 
against the regular complete diet when both diets were supplemented with 
whey at one of the three levels, 0, 2 and 4% (Tables 1 and 2). Starter 
(fed 1-4 weeks of age) and grower (fed 4-8 weeks) rations were formulated 
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Table 1. Composition of rations - Experiment I (1-4 weeks) 
Simple type Complete type 
Treatments 1 2 3 4 5 6 
Ingredients % % % % % % 
Ground yellow com 41.9 39.7 37.5 39.4 37.0 34.6 
Soybean meal (48% protein) 50.0 49.6 49.2 46.0 45.8 45.6 
Alfalfa meal (17% protein) - - - 3.0 3.0 3.0 
Fish soluble (50% solids) - - - 3.0 3.0 3.0 
Soybean oil 2.0 2.6 3.2 3.0 3.6 4.2 
Defluorinated rock phosphate 3.0 3.0 3.0 3.0 3.0 3.0 
Ground limestone 1.0 1.0 1.0 1.0 1.0 1.0 
Salt & mineral mix^ 0.5 0.5 0.5 0.5 0.5 0.5 
Vitamin mix^ 0.6 0.6 0.6 0.6 0.6 0.6 
Methionine (10%) 1.0 1.0 1.0 0.5 0.5 0.5 
Dried whey - 2.0 4.0 - 2.0 4.0 
Calculated analysis : 
Protein (%) 27.98 27.94 27.85 27.80 27.80 27.82 
M.E. (kcal/lb) 1305 1304 1298 1309 1305 1300 
Calcium (%) 1.47 1.46 1.46 1.49 1.49 1.49 
Phosphorus (%) 0.96 0.96 0.96 0.98 0.98 0.98 
^Supplied per pound of diet: NaCl, 2.00 g; Mn, 62 mg; Zn, 34 mg; Fe, 
25 mg; Cu, 4 mg; I2, 0.9 mg; Co, 0.25 mg. 
^Supplied per pound of diet: vitamin A, 4000 lU; vitamin D3, 1000 ICU; 
vitamin E, 4.5 lU; menadione, 0.9 mg; vitamin B]_2> 4.4 meg; riboflavin, 
3.0 mg; pantothenic acid, 4.5 mg; niacin, 27 mg; choline, 227 mg; folacin, 
0.25 mg; ethoxyquin, 52 mg. 
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Table 2. Composition of rations - Experiment I (4-8 weeks) 
Simple type Complete type 
Treatments 12 3 4 5 6 
Ingredients % % % % % % 
Ground yellow com 51.9 49.9 47.9 49.5 47.5 45.5 
Soybean meal (48% protein) 40.0 40.0 40.0 36.0 36.0 36.0 
Alfalfa meal (17% protein) - - - 3.0 3.0 3.0 
Fish soluble (50% solids) - - - 3.0 3.0 3.0 
Soybean oil 2.0 2.0 2.0 3.0 3.0 3.0 
Defluorlnated rock phosphate 3.0 3.0 3.0 3.0 3.0 3.0 
Ground limestone 1.0 1.0 1.0 1.0 1.0 1.0 
Salt & mineral mix^ 0.5 0.5 0.5 0.5 0.5 0.5 
Vitamin mix& 0.6 0.6 0.6 0.6 0.6 0.6 
Methionine (10%) 1.0 1.0 1.0 0.5 0.5 0.5 
Dried whey 2.0 4.0 
" 
2.0 4.0 
Calculated analysis: 
Protein (%) 24.02 24.17 24.32 23.60 23.75 23.90 
M.E. (kcal/lb) 1350 1338 1326 1350 1338 1326 
Calcium (%) 1.47 1.46 1.46 1.49 1.49 1.49 
Phosphorus (%) 0.96 0.96 0.96 0.98 0.98 0.98 
^See footnotes a and b. Table 1, page 27. 
29 
in a similar manner. The starter rations contained 28% protein and the 
grower rations contained 24% protein. All rations were supplemented with 
methionine and were maintained isocaloric and isonitrogenous. Group 
weights and feed consumed were recorded after the poults had been on the 
experimental diets for 21 days (4-week-old) and 49 days (8-week-old). The 
experiment was terminated when poults were 8 weeks of age. 
Results 
Data on weight gain and feed efficiency are listed in Tables 3 to 5 
and analysis of variance in Table 21 in the Appendix. From 1 to 4 weeks 
of age, male poults gained significantly more weight (P<0.01) than, 
but had a feed per gain ratio similar to, females regardless of whey 
content in the diets. Poults of both sexes fed the complete diets during 
this period gained more weight (P<0.01) than those fed the simple corn-
soybean basal diets; however, there were no significant effects of diet 
types with respect to feed efficiency. Increasing whey content in the 
diet improved rate of weight gained 0.01; Pq^^j 0.01) without 
affecting feed efficiency of poults during this period. Significant 
sex X diet type interaction (P<0.01) with regard to rate of weight gain 
was observed during this period. The improvement of starter weight gain 
with the complete (compared with the simple) diets occurred more in the 
females than in the males. Also, a significant (P<0.01) diet type x 
whey interaction was observed in weight gain. Increasing whey content in 
simple type diets improved weight gain more than that which occurred 
when it was increased in complete type diets. There were no significant 
Table 3. Mean weight gains and feed/gain 1-4 weeks of age - Experiment I 
Dietary type 
Whey, % 
Dietary treatments 
Simple type 
Mean 
Complete type 
Mean 
Male 
Av. wt. gain (g) 
g feed/g gain 
Female 
Av. wt, gain (g) 
g feed/g gain 
422 570 600 531 
1.68 1.55 1.55 1.59 
319 491 490 433 
1.66 1.68 1.58 1.64 
541 528 545 538 
1.58 1.56 1.67 1.60 
470 484 499 484 
1.64 1.59 1.59 1.61 
w 
o 
All values represent means of 2 replicate groups. 
r 
Table 4. Mean^ weight gains and feed/gain 4-8 weeks of age - Experiment I 
Dietary treatments 
Dietary type Simple type Complete type 
Whey, % 0 2 4 Mean 0 2 4 Mean 
Male 
Av. wt. gain (g) 1415 1561 1558 1511 1521 1555 1511 1529 
g feed/g gain 2.95 2.02 2.14 2.37 2.09 2.07 2.17 2.11 
Female 
Av. wt. gain (g) 1101 1457 1355 1303 1221 1274 1245 1247 
g feed/g gain 2.80 2.02 2.11 2.31 2.14 2.12 2.12 2.13 
^All values represent means of 2 replicate groups. 
Table 5. Mean^ weight gains and feed/gain 1-8 weeks of age - Experiment I 
Dietary treatments 
Dietary type Simple type Complete type 
Whey. % 0 2 4 Mean 0 2 A Mean 
Male 
Av. wt. gain (g) 1838 2132 2158 2043 2062 2083 2056 2067 
g feed/g gain 2.65 1.94 1.98 2.19 1.95 1.93 2.04 1.97 
Female 
Av. wt. gain (g) 1421 1948 1845 1738 1690 1758 1745 1731 
g feed/g gain 2.54 1.93 1.97 2.15 2.00 1.97 2.00 1.99 
^All values represent means of 2 replicate groups. 
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treatment differences with regard to feed efficiency of poults in this 
period. 
Male poults gained weight faster (P<0.01) than, but had similar feed 
efficiency to, female poults during the 4 to 8 week period. During this 
period, types of diets did not affect rate of weight gain; however, poults 
being fed the complete diets utilized feed more efficiently (P<0.01) than 
those fed the simple diets. Increasing whey content in the diets tended 
to improve (P<0.10) weight gain quadratically. Feed efficiency, on the 
other hand, was significantly improved 0.01; Pq^gj 0.01) as the 
whey content of diets increased. No other significant main effects or 
interactions except whey x diet type on feed efficiency were observed in 
this period. Increasing whey content in the simple diets improved feed 
efficiency more markedly (P<0.01) when compared with that in the complete 
di ets. 
For the total experiment (1 to 8 weeks of age), male poults gained 
weight faster (P<0.01) than, but had similar feed efficiency to, the 
females. Poults fed complete type diets gained at a rate similar to, 
but utilized feed more efficiently (P<0.01) than, those fed simple diets. 
Increasing the whey content in the diets significantly increased weight 
gain linearly (P<0.01) and quadratically (P<0.05) and improved feed 
efficiency (Pj^in ^.01; Pq^^^ 0.01) regardless of sexes. There were also 
significant diet type x whey interactions for weight gain (P<0.05) and 
feed efficiency (P<0.01). Increasing whey content in the simple type 
diets increased weight gain and improved feed efficiency more marl/edly 
than in the complete type diets. In general, the greatest and the most 
efficient weigjht gains were observed with 2% whey in both types of diets. 
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Experiment II 
Objectives 
Since the previous experiment in these studies indicated that dried 
whey gave a better growth response in poults fed a simple corn-soybean basal 
diet, it seemed reasonable to conduct an experiment to determine the effect 
of whey on digestibility of protein and fat in a diet containing feather 
meal at the levels of 5 and 10% of the diets. A second objective of this 
experiment was to determine the effect of feather meal and whey in various 
combinations upon growth response, feed efficiency and nitrogen retention 
of turkey poults. 
Experimental design 
Eleven seven-day-old male Broad Breasted White turkey poults were 
allotted to each of 12 pens, and a like number of females were allotted to 
each of 12 pens. Two replicated groups were fed each of the six experi­
mental rations. The experimental rations consisted of a corn-soybean meal 
diet containing one of two levels of feather meal^ (5 and 10%) in combina­
tions with one of three levels of dried whey (0, 2 and 4%) in a complete 
factorial arrangement of treatments. All diets were maintained isocaloric 
and isonitrogenous. Methionine was supplemented to the diets at the 
level of 0.1% to meet the NRC (1971) requirements. Composition of diets is 
shown in Table 6. Chromic oxide was included, at 1% of diet, as the marker 
for the determinations of nitrogen retention and of the apparent digesti­
bility of protein and fat. 
^"Feather meal D", heated at 50 psi for 60 minutes with intermittent 
agitation (Morris, 1972). 
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Table 6. Composition of rations - Experiment II (1-4 weeks) 
Experimental diets (%) 
Ingredients 1 2 3 4 5 6 
Ground yellow com 38.0 36.5 35.0 43.0 41.5 40.0 
Soybean meal (48% protein) 46.0 46.5 45.0 36.0 35.5 35.0 
Soybean oil 4.0 4.0 4.0 4.0 4.0 4.0 
Defluorinated rock phosphate 3.0 3.0 3.0 3.0 3.0 3.0 
Ground limestone 1.0 1.0 1.0 1.0 1.0 1.0 
Salt & mineral mix® 0.5 0.5 0.5 0.5 0.5 0.5 
Vitamin mix^ 0.6 0.6 0.6 0.6 0.6 0.6 
Methionine (10%) 1.0 1.0 1.0 1.0 1.0 1.0 
Feather meal "D" 5.0 5.0 5.0 10.0 10.0 10.0 
Dried whey - 2.0 4.0 - 2.0 4.0 
1.0 1.0 1.0 1.0 1.0 1.0 
Calculated analysis: 
Protein (%) 29.8 29.8 29.8 29.7 29.7 29.8 
M.E. (kcal/lb) 1306 1298 1296 1314 1304 1295 
Calcium (%) 1.5 1.5 1.5 1.5 1.5 1.5 
Phosphorus (%) 1.0 1.0 1.0 1.0 1.0 1.0 
^88 footnotes a and b. Table 1, page 27. 
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During the last 72 hours of the 3rd and the 4th weeks of the experi­
mental period, composite samples of excreta were collected in IZ HCI by 
placing a petri dish under each pen. Composite excreta samples were dried 
for 24 hours at 80°C and homogenized samples of the dried excreta and of 
the diets were assayed for chromium, nitrogen and fat content by the pre­
viously described procedures. Group weights and feed consumptions were 
recorded when the poults reached 4 weeks of age, at which time the experi­
ment was terminated. 
Results 
Summaries of weight gain and feed efficiency are found in Table 7 
and analysis of variance in Appendix Table 22. Male poults gained weight 
significantly (P<0.01) faster than, but were equally efficient in feed 
utilization to, the females. There were no significant main effects or 
interactions for feed efficiency of poults in this experiment. Increasing 
whey contents in the diets linearly increased (P<0.05) rate of weight gain 
regardless of sex. There also were significant (P<0.01) decreases in rate 
of weight gain as the level of feather meal in the diet increased from 5 
to 10%. A significant (P<0.05) feather meal x sex interaction was observed 
with respect to weight gain. Increasing the feather meal content in the 
diets depressed weight gain more in the males than in the female poults. 
No other significant interactions were observed for body weight gain. 
The results of nitrogen retention studies are summarized in Table 8 
and analysis of variance in Appendix Table 23. Increasing the feather meal 
content from 5 to 10% of the diets did not significantly affect the nitrogen 
retention of poults in this experiment. On the other hand, increasing the 
Table 7. Mean^ weight gain and feed/gain 1-4 weeks of age - Experiment II 
Dietary treatments 
Feather meal, % 5 10 
Whey, % 0 2 4 Mean 0 2 4 Mean 
Male 
Av. wt. gain (g) 518 526 526 523 446 446 463 452 
g feed/g gain 1.47 1.49 1.47 1.48 1.63 1.58 1.59 1.60 
Female 
Av. wt. gain (g) 444 469 470 461 414 434 444 431 
g feed/g gain 1.54 1.57 1.53 1.55 1.55 1.63 1.53 1.57 
^All values represent means of 2 replicate groups. 
Table 8. The effect of whey on nitrogen retention from 2 collections (18- and 28-day) - Experiment 
II a 
Dietary treatments 
Feather meal, % 5 10 
Whev. % 0 2 4 0 2 ^ 
18-day % % % % % % 
Male 43.9 50.1 52.7 46.4 48.8 49.9 
Female 49.5 50.4 55.4 44.6 47.4 51.6 
Mean 46.7 50.3 54.1 45.5 48.1 50.8 
28-day 
Male 45.2 46.4 53.5 47.1 50.9 54.4 
Female 44.5 46.5 50.7 48.0 51.8 52.1 
Mean 44.9 46.5 52.1 47.6 51.4 53.3 
^All values represent means of 2 replicate groups 
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whey content of the diets caused a significant linear (P<0.01) increase 
in nitrogen retention of poults, regardless of sexes. There also was a 
significant (P<0.05) feather meal x whey interaction for nitrogen reten­
tion. Increasing whey in the diets caused more increase in retained 
nitrogen at the feather meal level of 5 than at 10%. Age of collection did 
not have a significant effect on nitrogen retention of poults. However, 
age of collection x whey and age of collection x feather meal interactions 
(P<0.01) for nitrogen retention were significant. Increasing whey from 0 
to 2% of diets increased nitrogen retention more at 18 days than at 28 
days. The reverse was true when whey content was increased from 2 to 4% 
of diets. Feather meal x age of collection interaction can be explained 
by the fact that increasing of feather meal from 5 to 10% of diets 
decreased nitrogen retention at 18 days but increased it at 28 days of 
age. 
Methods used in determination of digestibility coefficient also 
affected the results of protein digestibility in this experiment. Deter­
mination of the coefficient by the uric acid method (Potter et al., 1962) 
gave lower (P<0.01) protein digestibility values than that found with the 
fecal nitrogen method (Ekman et al., 1949). Method x treatment and method 
X age of collection interactions (P<0.01) were also observed. To avoid 
confusion in interpretation, the protein digestibility in the subsequent 
experiments will be entirely based on the uric acid method of Potter et 
al. (1962). 
Summaries of the effects of whey and feather meal on dietary protein 
digestibility of poults are given in Table 9 and analysis of variance in 
Appendix Table 24. Male poults digested dietary protein more efficiently 
Table 9. The effect of whey on digestibility of protein from 2 collections (18- and 28-day) -
Experiment II® 
Dietary treatments 
Feather meal, % 
Whey, % 
5 10 
0 2 4 0 2 4 
18-day % % % % % % 
Male 
Method 1 72.8 73.8 76.7 70.4 71.5 75.0 
Method 2C 77.2 78.8 83.1 74.9 77.7 80.8 
Mean 75.0 76.3 79.9 72.6 74.6 77.9 
Female 
Method 1 68.1 68.0 80.2 67.1 70.1 76.1 
Method 2 72.9 78.2 85.4 72.7 74.6 82.7 
Mean 70.5 73.1 82.8 69.9 72.4 79.4 
28-day 
Male 
Method 1 73.6 75.4 79.2 71.2 74.4 74.9 
Method 2 77.2 81.0 84.5 77.8 79.2 81.3 
Mean 75.4 78.2 81.8 74.5 76.8 78.1 
Female 
Method 1 68.9 78.7 80.1 69.6 70.7 77.8 
Method 2 78.7 84.3 86.6 74.0 77.5 84.0 
Mean 73.8 81.5 83.4 71.8 74.1 80.9 
^All values represent means of 2 replicate groups. 
^Determination by method of Potter et al. (1962). 
^Determination by method of Ekman et al. (1942). 
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(P<0.05) than did females. Increasing the amounts of added whey in the 
diets was associated with an increase of protein digestibility (PLin.0'01» 
^Quad 0-01) by poults in this experiment. Also, a significant whey x sex 
interaction (P<0.01) was observed for protein digestibility. Increasing 
whey in the diets improved protein digestibility more (P<0.05) in the 
females than in males. Protein digestibility was decreased (P<0.01) with 
the increase of feather meal from 5 to 10% of the diets. On the other 
hand, as the age of collection increased from 18 to 28 days, protein 
digestibility was increased (P<0.01). Also, a significant (P<0.01) age 
of collection x dietary treatment interaction was observed. Increasing 
whey content from 0 to 2% of the diets increased protein digestibility 
more at the second than at the first collection, while increasing whey 
from 2 to 4% caused an increase of digestibility more at the younger 
than at the older age. Sex x age of collection interaction for protein 
digestibility also was significant (P<0.05). Male poults digested a 
higher percentage of dietary protein than did the females at 18 days of 
age. However, at 28 days of age the females showed so marked an improve­
ment in protein digestibility that they digested a higher percentage of 
dietary protein than did the males. No other significant interactions 
for protein digestibility were observed. 
Data given in Table 10 are summaries of the effects of whey and 
feather meal on digestibility of dietary fat. The corresponding analysis 
of variance is given in Appendix Table 23. Sex did not have significant 
effects on the coefficient of fat digestibility. However, fat digesti­
bility was significantly increased with age of collection (P<0.01). 
Increasing whey content of the diets linearly increased (PcO.Ol) 
Table 10. The effect of whey on digestibility of fat from 2 collections (18- and 28-day) -
Experiment II® 
Dietary treatments 
Feather meal, % 5 10 
Whey. % 0 2 4 0 2 4__ 
18-day % % % % % % 
Male 73.0 75.4 79.3 69.8 74.4 78.6 
Female 74.3 77.0 75.2 73.5 75.9 73.1 
Mean 73.7 76.2 77.3 71.7 75.2 75.9 
28-day 
Male 73.9 78.2 83.9 75.3 74.1 80.2 
Female 75.3 79.7 80.2 71.0 78.9 81.8 
Mean 74.6 79.0 82.1 73.2 76.5 81.0 
^All values represent means of 2 replicate groups. 
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digestibility of dietary fat, but increasing feather meal decreased 
(P<0.05) fat digestibility. Significant whey x sex interactions (P<0.05) 
were observed for fat digestibility in this experiment. Increasing whey 
content in the diets linearly improved fat digestibility in the males. In 
the female poults, increasing wh^ content from 0 to 2% of diets caused an 
increase of fat digestibility but increasing it from 2 to 4% did not alter 
digestibility. No other significant treatment differences were observed. 
Experiment III 
Objectives 
The purposes of this experiment were to determine the effect of age 
of poults on utilization of feather meal as a protein source in a corn-
soybean diet containing various combinations of whey and feather meal. 
Other objectives of this experiment were the same as those listed for 
Experiment II. 
Experimental design 
Seven seven-day-old Broad Breasted White male turkey poults were 
allotted to each of 24 pens. IVo replicated groups were fed each of 
twelve experimental rations. The experimental rations consisted of a 
simple corn-soybean meal basal diet and one of the twelve combinations 
formed by one of three levels of dried whey (0, 2.5 and 5%) and one of 
the four levels of feather meal (0, 5, 10 and 15%). All diets were main­
tained isonitrogenous at 28% protein and were isocaloric. Methionine and 
lysine were supplemented to the diets to meet the NRC (1971) requirements. 
Composition of the diets is shown in Table 11. 
Table 11, Composition of rations - Experiment III (1-8 weeks) 
Experimental diets (%) 
InRredients 1 2 3 4 5 6 7 8 9 10 11 12 
Ground yellow com 38.7 42.7 46.0 48.4 37.2 39.2 43.7 46.9 33.0 38.2 42.3 44.9 
Soybean meal (48% protein) 51.0 42.0 33.0 25.0 50.0 43.0 33.0 24.0 50.0 41.0 32.0 23.0 
Soybean oil 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 5.7 4.5 4.0 4.0 
Defluorinated rock phosphate 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
Ground limestone 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Salt & mineral mix^ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Vitamin mix^ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Methionine (10%) 1.0 1.0 1.3 1.5 1.0 1.0 1.5 1.5 1.0 1.0 1.1 2.0 
Lysine (50%) - - 0.4 0.8 - - 0.4 0.8 - - 0.4 0.8 
Feather meal "D" - 5.0 10.0 15.0 - 5.0 10.0 15.0 - 5.0 10.0 15.0 
Dried whey - - - - 2.5 2.5 2.5 2.5 5.0 5.0 5.0 5.0 
Cr203 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Calculated analysis : 
Protein (%) 28.3 28.4 28.3 29.0 28.1 28.9 28.7 28.7 28.1 28.3 28.5 28.6 
M.E. (kcal/lb) 1308 1320 1328 1331 1298 1303 1312 1313 1301 1301 1303 1309 
Calcium (%) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Phosphorus (%) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Methionine (%) 0.55 0.55 0.50 0.50 0.55 0.52 0.53 0.50 0.55 0.52 0.50 0.53 
Lysine (%) 1.71 1.56 1.52 1.54 1.71 1.57 1.54 1.54 1.74 1.53 1.53 1.54 
^See footnotes a and b, Table 1, page 27. 
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Composite samples of excreta were collected when poults were 4 and 8 
weeks old, respectively. Methods of collection and assay of the excreta 
were identical to those described in Experiment II. Group weights and 
feed consumption were recorded when the poults reached 4 and 8 weeks of 
age. The experiment was terminated after the poults had been on experi­
ment for 7 weeks (8 weeks of age). 
Results 
Summaries of average body weight gain and feed efficiency are given in 
Table 12 and analysis of variance in Appendix Table 25. During the period 
of 1 to 4 weeks of age, increasing feather meal content in the diets 
caused a linear (P<0.01) reduction in weight gain of poults. Increasing 
whey in the diets was associated with a quadratic (P<0.05) increase of body 
weight gain. When wh^ was increased from 0 to 2.5% of the diet, there was 
a marked increase of weight gain; however, when it was increased from 2.5 
to 5%, weight gain was not further improved. Whey x feather meal inter­
action for average body weight gain was significant (P<0.05) in this experi­
ment. At 0% feather meal, the diet containing 2.5% whey gave the highest 
body weight gain. As the feather meal content of the diets increased from 
0 to 5, 5 to 10 and 10 to 15%, the poults that were fed 5, 5 and 2.5% whey, 
respectively, produced the greatest body weight gains. For feed efficiency 
ratios, increasing feather meal content in the diets was associated with a 
linear (P<0.05) reduction of efficiency of feed utilization. Poults that 
were fed diets containing higher levels of feather meal had poorer feed 
conversion efficiency than did poults fed lower feather meal diets. There 
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Table 12. The effect of whey on weigjzt gain and feed/gain - Experiment 
Ilia 
Whev Feather meal Average weight gain Cg) g feed/g gain 
% % l-4wks 4-8wks l-8wks l-4wks 4-8wks l-8wks 
0 0 593 1711 2304 1.55 1.91 1.81 
5 582 1704 2286 1.45 1.92 1.80 
10 561 1704 2265 1.52 1.95 1.84 
15 558 1647 2204 1.54 1.94 1.84 
Mean 574 1692 2266 1.52 1.93 1.83 
2.5 0 661 1636 2297 1.49 2.02 1.87 
5 581 1674 2255 1.58 1.91 1.81 
10 560 1810 2370 1.59 1.86 1.79 
15 593 1689 2283 1.60 1.94 1.85 
Mean 599 1702 2301 1.57 1.93 1.83 
5.0 0 582 1635 2217 1.47 1.92 1.79 
5 590 1640 2230 1.45 1.94 1.81 
10 593 1693 2286 1.56 1.93 1.83 
15 570 1708 2278 1.59 1.89 1.82 
Mean 584 1669 2253 1.52 1.92 1.81 
^All values represent means of 2 replicate groups. 
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were no other significant main effects or interactions for feed efficiency 
ratios of poults in this experiment. 
During the period 4 to 8 weeks of age, there were no significant 
treatment differences for body weight gain or feed efficiency of poults in 
this experiment. Also, no significant treatment differences were observed 
for body weight gain or feed efficiency of poults during 1 to 8 weeks of 
age. 
Summaries of the effects of whey and feather meal on nitrogen reten­
tion are given in Table 13 and analysis of variance in Appendix Table 26. 
There were no significant dietary treatment differences for nitrogen 
retention of poults in this experiment. The percentages for retention 
of nitrogen consumed, however, were higher (P<0.01) in the period of 1 to 
4 weeks than that in the period of 4 to 8 weeks of age. Also, there were 
significant (P<0.01) age of collection x dietary treatment interactions 
for nitrogen retention of poults in this experiment. It can be explained 
by the fact that increasing the feather meal in the diets quadratically 
(P<0.01) decreased the nitrogen retention at 28 days of age, but did not 
affect the retained nitrogen at 56 days. 
Table 14 represents the summaries of the effects of whey and feather 
meal on protein digestibility. The corresponding analysis of variance is 
given in Appendix Table 26. No significant dietary treatment effects were 
observed for protein digestibility of poults in this experiment. Protein 
digestibility was higher (P<0.01) in the second (4 to 8 weeks) than in 
the first (1 to 4 weeks) collection period. Age of collection x dietary 
treatment interactions for protein digestibility were significant (P<0.01). 
Increasing whey content in the diets increased protein digestibility at 28 
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Table 13. The effect of whey on nitrogen retention from 2 collections 
(28- and 56-day) - Experiment II 
Feather Collection Nitrogen Collection Nitrogen 
Whey meal day retention day retention 
% % % % 
0 28 48.0 56 44.7 
5 28 45.1 56 43.9 
10 28 43.8 56 44.3 
15 28 42.1 56 42.7 
Mean 44.8 43.9 
0 28 46.2 56 40.2 
5 28 48.9 56 44.1 
10 28 46.1 56 49.2 
15 28 45.3 56 43.1 
Mean 46.6 44.2 
0 28 46.3 56 39.9 
5 28 48.7 56 43.6 
10 28 45.6 56 46.8 
15 28 43.1 56 45.4 
Mean 45.9 43.9 
^All values represent means of 2 replicate groups. 
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Table 14. The effect of whey on protein digestibility from 2 collections 
(28- and 56-day) - Experiment 1II& 
Feather Collection Digestible Collection Digestible 
Whey meal day protein day pro tein 
% % % % 
0 0 28 75.8 56 79.7 
5 28 76.1 56 77.8 
10 28 72.5 56 78.1 
15 28 68.7 56 76.9 
Mean 73.3 78.1 
2.5 0 28 77.4 56 75.9 
5 28 78.9 56 79.0 
10 28 76.7 56 82.2 
15 28 74.1 56 77.2 
Mean • 76.8 78.6 
5.0 0 28 76.8 56 77.4 
5 28 79.3 56 78.6 
10 28 75.6 56 76.8 
15 28 72.5 56 78.2 
Mean 76.1 77.8 
^All values represent means of 2 replicate groups. 
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Table 15. The effect of whey on fat digestibility from 2 collections 
(28- and 56-day) - Experiment III& 
Feather Collection Digestible Collection Digestible 
Whey meal day fat day fat 
% % % % 
0 0 28 79.8 56 84.5 
5 28 78.2 56 80.1 
10 28 75.9 56 81.4 
15 28 69.3 56 82.5 
Mean 75.8 82.1 
2.5 0 28 82.5 56 80.0 
5 28 81.3 56 82.8 
10 28 79.7 56 85.9 
15 28 76.9 56 81.1 
Mean 80.1 85.2 
5.0 0 28 81.3 56 83.0 
5 28 79.3 56 84.0 
10 28 78.3 56 79.5 
15 28 73.0 56 80.3 
Mean 77.9 81.7 
^All values represent means of 2 replicate groups. 
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days but did not affect it at 56 days of age. Increasing feather meal 
content in the diets decreased protein digestibility more (P<0.01) at 28 
days than at 56 days of age. 
Results for fat digestibility are summarized in Table 15 and analysis 
of variance is presented in Appendix Table 26. Increasing feather meal 
content in the diets caused a linear decrease (P<0.05) in fat digestibility. 
No other significant dietary treatment effect on fat digestibility was 
observed in this experiment. The coefficient of digestibility increased 
(P<0.01) with age of collection. Age x dietary treatment interactions 
(P<0.01) were also observed for fat digestibility. Increasing feather 
meal in the diets decreased fat digestibility more (P<0.01) at 28 days 
than at 56 days of age. 
Experiment IV 
Objectives 
The objectives of this experiment were to determine the effect of age 
on utilization of feather meal in the diet of turkey poults, when dried 
brewers' yeast, instead of whey, was used in various combinations with 
feather meal. Other objectives of this experiment were identical to those 
listed for Experiment II. 
Experimental design 
The experimental design and data collections were identical to those 
used in Experiment III except dried brewers' yeast was used instead of 
whey in the experimental rations. Composition of the diets is shown in 
Table 16. 
Table 16. Composition of rations - Experiment IV (1-8 weeks) 
Experimental diets (%) 
Ingredients 1 2 3 4 5 6 7 8 9 10 11 12 
Ground yellow com 38.7 42.7 46.0 48.4 38.2 40.7 44.7 48.0 37.7 40.2 44.3 48.5 
Soybean meal (48% protein) 51.0 42.0 33.0 25.0 49.0 41.5 32.0 23.0 47.0 39.0 30.0 20.5 
Soybean oil 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.5 3.5 3.0 
Defluorlnated rock phosphate 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
Ground limestone 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Salt & mineral mix^ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Vitamin mix^ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Methionine (10%) 1.0 1.0 1.3 1.5 1.0 1.0 1.5 1.5 1.0 1.0 1.5 2.0 
Lysine (50%) - - 0.4 0.8 - - 0.4 0.7 - - 0.4 0.7 
Feather meal "D" - 5.0 10.0 15.0 - 5.0 10.0 15.0 - 5.0 10.0 15.0 
Dried brewers' yeast - - - - 2.5 2.5 2.5 2.5 5.0 5.0 5.0 5.0 
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Calculated analysis; 
Protein (%) 28.3 28.4 28.3 29.0 28.4 29.1 28.8 29.1 28.4 28.9 29.2 29.2 
M.E. (kcal/lb) 1308 1320 1328 1331 1308 1309 1317 1319 1298 1297 1307 1312 
Calcium (%) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Phosphorus (%) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Methionine (%) 0.55 0.52 0.50 0.50 0.56 0.53 0.53 0.52 0.57 0.54 0.55 0.57 
Lysine (%) 1.71 1.56 1.52 1.54 1.74 1.59 1.57 1.52 1.75 1.59 1.58 1.52 
^ee footnotes a and b, Table 1, page 27. 
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Results 
Summaries of weight gain and feed efficiency are found in Table 17 
and analysis of variance in Appendix Table 27. For the 1 to 4 weeks 
period, increasing feather meal content in the diets linearly decreased 
(P<0.01) weight gain of the poults. The differences among the feather 
meal levels in the diets were not significant with respect to feed 
efficiency. Increasing yeast content in the diets did not have any 
significant effect on weight gain and feed efficiency. 
For the 4 to 8 weeks period, there was a quadratic (P<0.05) effect 
on average daily gain of poults as the level of feather meal in diets was 
increased. Poults fed diets containing 10% feather meal had the greatest 
body weight gain and those fed diets with 15% feather meal had the lowest 
gain. No other treatment differences were significant with respect to 
weight gain in this period. There were no significant differences in feed 
efficiency among dietary treatments. 
For the total experimental period (1 to 8 weeks), there was a 
significant quadratic (P<0.05) increase of weight gain of poults in this 
experiment. Poults that were fed the 10% feather meal diets gained the 
most and those fed the 15% diets gained the least. The main effects for 
yeast, or other treatment interactions, were not significant for the 
average weight gain. No significant differences were observed for feed 
efficiency of poults in this experiment. 
Summaries of the effects of addition of yeast and feather meal in 
diets on nitrogen retention of poults are given in Table 18 and analysis 
of variance in Appendix Table 28. There were significant linear (P<0.01) 
and quadratic (P<0.01) responses in nitrogen retention as the levels of 
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Table 17. The effect of yeast on weight gain and feed/gain - Experiment 
IV* 
Yeast Feather meal Average weight gain (g) g feed/g gain 
% % l-4wks 4-8wks l-8wks l-4wks 4-8wks l-8wks 
0 594 1550 2144 1.52 2.12 1.96 
5 564 1643 2207 1.50 2.07 1.91 
10 543 1589 2132 1.56 2.21 2.00 
15 474 1392 1866 1.61 2.15 2.07 
Mean 544 1544 2088 1.55 2.14 1.99 
0 604 1552 2156 1.53 2.21 2.02 
5 580 1450 2031 1.53 2.11 1.98 
10 533 1675 2208 1.52 2.01 1.88 
15 495 1631 2127 1.61 2.05 1.98 
Mean 553 1577 2130 1.55 2.10 1.97 
0 572 1555 2126 1.53 2.14 2.01 
5 581 1557 2138 1.55 2.14 1.98 
10 552 1648 2200 1.57 2.13 2.08 
15 507 1404 1911 1.65 2.29 2.12 
Mean 553 1541 2094 1.56 2.18 2.05 
^All values represent means of 2 replicate groups. 
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Table 18. The effect of yeast on nitrogen retention from 2 collections 
(28- and 56-day) - Experiment IV® 
Collection Nitrogen Collection Nitrogen 
Yeast Feather meal day retention day retention 
% % % % 
0 0 28 55.1 56 43.9 
5 28 58.7 56 46.2 
10 28 56.7 56 44.6 
15 28 53.1 56 37.5 
Mean 55.9 43.1 
2.5 0 28 55.0 56 46.2 
5 28 58.2 56 47.0 
10 28 55.4 56 43.7 
15 28 53.6 56 38.3 
Mean 55.6 43.8 
5.0 0 28 54.8 56 44.9 
5 28 57.0 56 47.4 
10 28 55.1 56 44.0 
15 28 53.0 56 37.8 
Mean 55.0 43.5 
^All values represent means of 2 replicate groups. 
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feather meal in the diets increased. Poults fed 5% feather meal diets 
retained the highest percentage of consumed nitrogen. Those that were 
fed 10 and 15% feather meal diets retained an equivalent and a lower 
percentage of consumed nitrogen, respectively, when compared with the 
controls fed diets containing no feather meal. Addition of yeast to the 
diets did not have any significant effect on nitrogen retention of poults 
in this experiment. Nitrogen retention was significantly (P<0.01) 
decreased as age Increased from 28 to 56 days. Also, a significant age 
X feather meal interaction (P<0.05) was observed for nitrogen retention. 
The interaction indicated that when feather meal content of the diets was 
increased from 10 to 15%, nitrogen retention decreased more at the 56-day 
collection than at 28 days of age. 
Summaries of the effects of yeast and feather meal on digestibility of 
dietary protein are given in Table 19 and analysis of variance in Appendix 
Table 28. Digestibility of dietary protein decreased linearly (P<0.01) and 
quadratically (P<0.05) with the increase of feather meal content in the 
diets. Yeast content in the diets, however, did not affect protein diges­
tibility. As age of collection increased from 28 to 56 days, protein 
digestibility increased significantly. Also, there were significant age x 
yeast (P<0.05), age x feather meal (P<0.05) and age x yeast x feather meal 
(P<0.01) interactions for protein digestibility of poults in this experi­
ment. The age x feather meal interaction is the result of more efficient 
digestion of feather meal protein when feather meal was included after 4 
weeks of age. This can be seen by the decreased protein digestibility of 
poults at the 4-week, collection when feather meal level is increased, while 
this decrease disappeared at the 8-week collection. The significant 
57 
Table 19. The effect of yeast on protein digestibility from 2 collections 
(28- and 56-day) - Experiment IV^ 
Collection Digestible Collection Digestible 
Yeast Feather meal day protein day protein 
% % % % 
0 28 74.6 56 77.9 
5 28 75.2 56 78.1 
10 28 68.9 56 73.4 
15 28 66.3 56 70.0 
Mean 71.3 74.9 
0 28 76.4 56 78.4 
5 28 72.2 56 81.9 
10 28 70.9 56 76.9 
15 28 65.4 56 69.2 
Mean 71.2 76.6 
0 28 73.5 56 80.6 
5 28 74.7 56 77.1 
10 28 67.8 56 79.4 
15 28 68.1 56 71.5 
Mean 71.0 77.2 
^All values represent means of 2 replicate groups. 
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age X yeast interaction indicated that addition of yeast after 4 weeks of 
age had a benefit on increasing protein digestibility. 
Results of the study on fat digestibility are summarized in Table 20 
and analysis of variance is given in Appendix Table 28. Increasing feather 
meal in diets caused a quadratic (P<0.01) response in fat digestibility. 
The percent fat digestibility was the greatest at 5% feather meal, beyond 
which the digestibility decreased to a lower than control level at 15% 
feather meal. Addition of yeast to the diet also produced a quadratic 
(P<0.05) increase of fat digestibility. Diets containing 2.5% yeast 
caused the greatest digestibility. As age of collection increased from 
28 to 56 days, the digestibility of fat by poults in this experiment was 
increased (P<0.01). There were no significant interactions with respect 
to fat digestibility. 
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Table 20. The effect of yeast on digestibility of fat from 2 collections 
(28- and 56-day) - Experiment IVa 
Collection Digestible Collection Digestible 
Yeast Feather meal day fat day fat 
% % % % 
0 28 76.9 56 81.0 
5 28 79.8 56 80.3 
10 28 77.7 56 80.5 
15 28 77.6 56 76.7 
Mean 78.0 79,6 
0 28 78.1 56 81.6 
5 28 81.9 56 82.6 
10 28 80.3 56 82.0 
15 28 78.2 56 81.4 
Mean 79.6 81.9 
0 28 78.4 56 78.2 
5 28 80.5 56 81.6 
10 28 80.5 56 80.3 
15 28 78.2 56 77.4 
Mean 79.4 79.4 
^All values represent means of 2 replicate groups. 
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GENERAL DISCUSSION 
Unidentified growth factors (UGF) present in animal protein sources 
such as dried whey, fish meal and fish solubles have long been recognized 
to promote a maximal gain in chicks (Berry et al., 1943; Hill et al., 1944; 
Hill, 1948; Camp et al., 1954; and Reed et al., 1951) and in turkey poults 
(Atkinson and Couch, 1951a,b and 1953; Scott, 1951a,b and 1952; Combs et 
al., 1954). Camp et al. (1954) and Combs et al. (1954) independently 
reported that there were two distinct UGF required for maximum growth of 
chicks. One was "FF" found in fish solubles and the other was "WF" found 
in whey products. Chicks that were fed a diet supplemented with the 
combination of "FF" and "WF" had a better weight gain than when fed diets 
supplemented with either one of the two alone. The idea of UGF multi­
plicity was subsequently confirmed by work of Al-Ubaidi and Bird (1964). 
Summers et al. (1959) reported that dried whey did not supply the UGF not 
present in fish solubles. Reed et al. (1951) suggested that dried whey 
may have stimulatory effect on the intestinal synthesis of UGF. Atkinson 
et al. (1955a) believed that the value of dried whey as a source of UGF 
is associated with the protein content in the product. Increasing protein 
apparently increased the quantity of UGF in dried whey. 
The results of Experiment I in the present studies supported the idea 
of the presence of poult UGF in dried whey. Increasing whey content of 
diets improved rate of weight gain during 1 to 4 weeks of age and tended 
to do so during 4 to 8 weeks (P<0.10). Feed/gain ratios, however, were 
not affected by additions of whey into diets. The results did not 
clearly indicate the multiplicity of UGF. Increasing dried whey content 
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of complete diets containing fish solubles and alfalfa meal did not cause 
as much improvement of weight gain as seen in simple diets. Poults during 
1 to 4 weeks of age required UGF from whey to at least 4% of the diet. 
This was shown by a linear increase of weight gain as whey content was 
increased from 0 to 4%. During 4 to 8 weeks of age, diets containing 2% 
whey gave the greatest and the most efficient weight gain. This indicated 
that the requirements of whey as a UGF source by poults decreased with age, 
from at least 4% during the first 4 weeks to 2% during the second 4 weeks 
of life. These findings were in agreement to those reported by Atkinson 
et al. (1955a) who stated that poults required at least 5 percent of 
either dried whey or condensed fish solubles for maximal growth. Results 
similar to these (Experiment I and Atkinson et al., 1955a) were reported 
by Suppléé et al. (1956); however. Combs et al. (1957) and Miller and 
Ballotm (1966) did not find any beneficial effect of addition of dried 
whey into corn-soybean meal diets for poults. Hock disorders of turkey 
poults were demonstrated by Suppléé et al. (1956) to be diminished by 
•additions of whey into diets; however. Miller and Balloun (1966) did not 
see any improvements. In the present experiment, addition of whey into 
diets seemed to decrease the incidence of hock disorder; however, no 
accurate record had been taken for this parameter. 
Since the results of Experiment I indicated a marked improvement of 
weight gain and feed/gain only when the UGF source was added to a simple 
type diet. Experiments II, III and IV were carried out by using only the 
simple type diet. Results of Experiment II confirmed the findings of 
Experiment I. Dried whey content at 4% of the diet promoted the greatest 
weight gain of 4-week old poults in this experiment. However, the weight 
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gain was linearly increased with, increasing whey from 0 to 4% of diets. 
Addition of a higher percentage of whey to the diets might have increased 
the weight gain more. In Experiment III, however, at the level of 5% of 
the diets, whey did not increase weight gain over that obtained with 2.5%. 
These results indicate that under the conditions applied in the present 
study, 4 to 5% whey provided enough UGF required for maximal growth of 
turkey poults from 1 to 4 weeks of age. During 4 to 8 weeks of age in 
Experiment III, no significant whey effect was seen for body weight gain 
and feed efficiency. 
Dried brewers' yeast, another source of UGF, was used in Experiment 
IV. There were no significant effects from the addition of dried 
brewers * yeast to simple corn-soybean meal basal diets with respect to 
weight gain and feed efficiency. The lack of weight gain and feed 
efficiency responses when dried brewers' yeast was added into simple 
diets of poults has been demonstrated by Combs et al. (1957) and Balloun 
et al. (1968). Miller and Balloun (1966) did not find any significant 
growth response of turkey poults when yeast was added to diets; however, 
they noted a 10 to 15% improvement of weight gain when the combination of 
2% each of dried brewers' yeast and fish meal was added. Their subsequent 
experiment did not confirm the findings, however. The results of Experi­
ment IV were in contradiction with those of Atkinson et al. (1955a) and 
Suppléé et al. (1956) who noted improvements of growth responses and 
hocks of turkey poults fed diets supplemented with dried brewers' yeast. 
Atkinson et al. (1955a) suggested that dried brewers' yeast might contain 
the "fish factor" of UGF. The explanation for these contradictions are 
r 
not readily apparent. Chang and Waibel (1970) noted the greatly different 
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responses elicited by sources of UGF within the same sources of turkey 
poults in the same laboratory. 
Feather meal has been shown to be a usable protein source when 
replacing limited amounts of soybean meal in simple corn-soybean meal 
basal diets. Results of Experiments II, III and IV in the present studies 
indicated the inefficiency of feather meal as a protein source for poults 
between 1 to 4 weeks of age. It was observed that as the levels of feather 
meal in diets for poults of this age increased from 0 to 15%, there were 
consistent reductions of weight gain and increased feed/gain ratios. 
Although the significant effect has not been detected in some cases, the 
concomitant trends can be seen for nitrogen retention, protein digesti­
bility and fat digestibility. These decreased with increasing levels 
of feather meal in the diets. The literature shows no general agree­
ment on feather meal protein utilization by poultry. Naber and Morgan 
(1956) reported an increase in nitrogen retention by chicks receiving 8% 
feather meal rations. Subsequently, Naber et al. (1961) did not find any 
treatment differences for nitrogen retentions of 4- to 5-^eek-old chicks 
fed up to one-fourth of dietary protein coming from feather meal when 
compared with controls fed a corn-soybean meal diet. Morris (1972) found 
a decrease of nitrogen retention by chicks fed diets containing increasing 
amounts of feather meal from 3 to 9%. Including whey in the diets in the 
present studies apparently increased weight gain, nitrogen retention and 
fat digestibility of poults at 4 weeks of age (Experiment II). Although 
these treatment differences were not significant in Experiment III, the 
definite quadratic trends of beneficial effect of whey on feather meal 
utilization were apparent. Poults in Experiment III suffered from a 
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viral disease and consequently responded less uniformly than those of Expe­
riment II. This might partially affect the findings. Naber et al. (1961) 
reported a result similar to that of Experiment.Ill, but did not support 
that of Experiment II, that addition of whey into diets containing one-
fourth of dietary protein as feather meal protein did not increase the uti­
lization of feather meal protein. Combination of dried brewers' yeast into 
diets containing feather meal in Experiment IV did not show any beneficial 
effect on weight gain or feed efficiency of poults in this experiment. 
The ability of poults to utilize feather meal protein increased with 
age. Results from Experiment III and IV indicated that during 4 to 8 
weeks of age poults fed diets containing feather meal up to 10% grew as 
fast and utilized feed as efficiently as those fed diets containing no 
feather meal. However, when feather meal in diets was increased from 
10 to 15%, body weight gain tended to decrease and feed/gain increased. 
Including whey in diets of poults 4 to 8 weeks of age caused improvements 
of weight gain and feed/gain so much that no significant differences were 
observed among poults fed various levels of feather meal from 0 to 15%. 
Dried brewers' yeast was not as good as wh^ in improving feather meal 
protein utilization. No significant differences were observed among 
poults fed diets with different levels of feather meal (Experiment IV) 
and the trend of improvements of gain and feed/gain were less than those 
resulting from whey-supplemented diets (Experiment III). 
For protein and fat digestion, and nitrogen retention, age of 
collection effects were significant in Experiment III and IV. Poults 
4 to 8 weeks of age had an increased ability to digest protein 
and fat, but decreased nitrogen retention, when compared with 
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the 1- to 4-weeks period. This would be expected. The existence of age 
X dietary treatments interactions indicated the improvement of utilization 
of feather meal protein by poults as they grew older. Similar improvements 
of hog hair protein utilization of older chicks and poults have been 
demonstrated by Gehle et al. (1967). Subsequently, Morris (1972) reported 
the improvement, with increase of age, of feather meal protein utilization 
in chicks. 
It is obvious from the present studies that feather meal is a valuable 
protein source for poults if used in a limited amount and properly supple­
mented with its limiting amino acids. Moran et al. (1966) demonstrated 
that feather meal protein was deficient in methionine, lysine, histidine 
and tryptophane. They stated that feather meal could be fed as 15% of 
diets when all of these four amino acids were supplemented. It was also 
shown that feather meal can be used at 4% of 20% protein, at 5 to 6% of 22% 
protein, and up to 8% of 26% protein broiler rations (Tsang et al., 1963; 
Morris, 1972). In turkey poults, there are no recommended levels of usage 
available for feather meal in practical diets. Gehle et al. (1967) 
reported that the slightly underhydrolyzed hog hair, another source of 
keratinized protein similar in nature to feather meal, could be included 
at 2.5% of 24 to 28% protein corn-soybean meal rations for 1- to 6-weeks-
old poults. In their comparison with soybean meal, the hydrolyzed hog 
hair protein appeared to be about 50% available for 1- to 4-weeks-old 
chicks, but 75% available when fed during 4 to 8 weeks of age. The feather 
meal protein used in the present studies was likely to be more available 
than the hydrolyzed hog hair fed by Gehle et al. (1967). Feather meal "D" 
used in the present studies was more rigorously treated than what was 
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considered "standard" processing with no apparently excessive loss of 
nutrients (Morris, 1972). Based on the results of the present studies, 
feather meal can be included to at least 10% of 28% protein corn-soybean 
meal diets for poults 4 to 8 weeks of age. Detrimental results are 
unlikely to occur when this diet is supplemented with methionine and 
lysine to meet the NRC (1971) requirement. This amount of feather meal 
provides 8.3 out of 28% of dietary protein. This could result in a 
valuable saving to the producer by the replacement of poultry waste for 
part of the more expensive soybean protein. Pollution problems by the 
poultry industry could also be considerably reduced if feather meal could 
be more efficiently used as a feed protein source. 
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SUMMAEY AND CONCLUSIONS 
Four experiments with Broad Breasted White turkey poults 1 to 8 
weeks of age were conducted to evaluate the utilization of dried whey and 
dried brewers' yeast as UGF sources and to evaluate the utilization of 
feather meal as protein source for turkey poults. It was also the goal 
of this study to determine the effects of dried whey and dried brewers' 
yeast on digestibility of nutrients in feather meal and to determine the 
effect of feather meal on protein utilization and nitrogen retention of 
poults when various levels of feather meal protein were included in the 
diets. The following conclusions have been obtained from the data for 
these experiments. 
1. The addition of dried whey to simple corn-soybean meal diets 
enhances weight gain and improves feed/gain for poults between 
1 to 4 weeks of age but has no effect on the growth performance 
of poults 4 to 8 weeks of age. Addition of dried whey to complete 
diets containing fish solubles and alfalfa meal did not affect the 
growth response. 
2. The addition of dried brewers' yeast does not affect weight gain 
and feed efficiency of poults at any age. 
3. Not over 5% of feather meal can be included in the diet for poults 
between 0 to 4 weeks of age. Addition of dried whey at level of 
4 to 5% of the diets improved the utilization of feather meal by 
1- to 4-weeks-old poults, but addition of dried brewers' yeast did 
not improve it. 
4. Poults 4 to 8 weeks of age can utilize up to 10% of feather 
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meal in the diets, if supplemented with methionine and lysine. 
Inclusion of dried whey into the diets at this age did not 
improve feather meal utilization as much as during 1 to 4 weeks 
of age. Inclusion of yeast into the diets did not have beneficial 
effects on feather meal utilization. 
5. The addition of feather meal to the diets for poults between 1 to 
4 weeks of age caused a linear reduction of nitrogen retention, 
and of protein and fat digestibility. Inclusion of whey in the 
diets increased these parameters, but inclusion of dried brewers' 
yeast had no affect. 
6. The additions of feather meal, dried whey or dried brewers' yeast 
to the diets for poults between 4 to 8 weeks of age did not have 
any significant effect on nitrogen retention, and of protein and 
fat digestibility. 
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APPENDIX 
Table 21. Analysis of variance of weight gain and feed conversion In Experiment 1 
Weight gain Feed/gain 
Source of 
variation df 
l-Awks 
MS 
4-8wks 
MS 
l-8wks 
MS df 
14-wk8 
MS 
4-8wks 
MS 
l-Swks 
MS 
Replicate (R) 1 36 11517** 12572* 1 0.001 0.0631* 0.0198 
Treatment (T) 11 10788** 4887* 9660** 11 0.0051 
** 
0.1869 0.1125** 
Sex (S) 1 21089** 36162** 61536** 1 0.0080 0.0012 0.0012 
Type of diet 1 5085** 220 48 1 0.0010 0.2795** 0.2109** 
Whey (W) 2 34328** 4545* 
** 
12275 2 0.0048 0.4296** 0.2749** 
linear (1) 36588** 4116 15761** (1) 0.0068 0.4935** 0.3364** 
quadratic (1) 
** 
5590 4973 8789* CD 0.0028 0.3658** 0.2133** 
S X D 1 2901** 801 149 1 0.0035 0.0117 0.0057 
S X W 2 343 668 994 2 0.0056 0.0028 0.0011 
D X W 2 16575** 2615 8519* 2 0.0080 0.4449** 0.2842** 
S X D X W 2 171 459 477 2 0.0057 0.0041 0.0046 
Error 11 198 1111 1321 11 0.0030 0.01221 0.0056 
ii 
Probability 0.05 or less here and throughout. 
A {Np 
Probability 0.01 or less here and throughout. 
I 
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Table 22. Analysis of variance of weight gain and feed conversion in 
Experiment II 
Source of Weight gain Feed/gain 
variation df MS df MS 
Replicate (R) 1 777 1 0.0022 
Treatment (T) 11 2818** 11 0.0057 
Feather meal (F) 1 15724** 1 0.0316 
Whey (W) 2 852 2 0.0028 
linear (1) 1649* (1) 0.0012 
quadratic (1) 55 (1) 0.0044 
Sex (S) 1 10441** 1 0.0022 
F X W 2 55 2 0.0002 
F X S 1 2564* 1 0.0145 
W X S 2 189 2 0.0028 
F X W X S 2 37 2 0.0016 
Error 11 287 11 0.0017 
82 
Table 2 3 .  Analysis of variance of percent nitrogen retention and coeffi­
cient of digestibility of fat in Experiment II 
Nitrogen retention Digestibility of fat 
variation df MS df MS 
Replicate (R) 1 9.75* 1 38.80* 
Treatment (T) 11 32.23** 11 367.36** 
Feather meal (F) 1 1.43 1 29.06* 
Whey (W) 2 163.72** 2 135.55** 
linear (1) 326.53** (1) 267.84** 
quadratic (1) 0.91 (1) 3.26 
Sex (S) 1 0.88 1 0.002 
F X W 2 
* 
6.55 2 0.34 
F X S 1 4.16 1 1.23 
W X S 2 1.54 2 28.69* 
F X W X S 2 2.19 2 3.93 
Error (a) 11 1.27 11 6.01 
Collection (C) 1 0.01 1 90.78** 
C X T 11 12.36 11 8.74 
C X F 1 80.06** 1 0.10 
C X W 2 46.50** 2 15.44 
C X S 1 17.94 1 0.67 
Remainders 7 7.85 7 9.22 
Error (b) 12 4.93 12 6.01 
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Table 24. Analysis of variance of coefficient of digestibility of protein 
in Experiment II 
Source of variation df 
Beplicate (R) 1 38.58** 
110.32 Treatment (T) 11 
Feather meal (F) 1 137.04** 
468.61** 
921.58** 
15.64* 
Whey (W) 2 
linear (1) 
quadratic (1) 
Sex (S) 1 9.34* 
P X W 2 5.08 
F X S 1 3.37 
53.48** W X S 2 
F X W X S 2 4.70 
Error (a) 11 
9.18 
Collection (C) 1 
C X T 11 
C X F 1 4.18** 
8.35 C X W 2 
C X S 1 13.31* 
Remainders 7 7.63* 
Error (b) 11 1.55 
Method (M) 1 828.85** 
M X T 11 2.10** 
M X C 1 0.16 
M X T X C 11 2.84** 
Error (c) 24 0.49 
Table 25. Analysis of variance of weight gain and feed conversion in Experiment III 
Weight gain Feed/gain 
Source of 
variation df 
l-4wks 
MS 
4-8wks 
MS 
l-Swks 
MS df 
l--4wka 
MS 
4-8wk8 
MS 
l-Swks 
MS 
Replicate (R) 1 121 26 4 1 0.0011 0.0002 0.0012 
Treatment (T) 11 1494* 4760 3989 11 0.0061 0.0029 0.0008 
Feather meal (J) 3 2060* 6642 3520 3 0.0099 0.0014 0.0005 
linear (1) 4891** 4775 90 CD 0.0247* 0.0018 0.0016 
quadratic (1) 1292 6633 2109 CD 0.0014 0.0024 0.0003 
cubic (1) 0.03 8518 8450 (D 0.0036 0.0000 0,0006 
Whey (W) 2 1329 2310 5207 2 0.0059 0.0004 0.0006 
linear CD 436 1980 552 (D 0.0001 0.0005 0.0006 
quadratic CD 2222* 2640 9861 CD 0.0117 0.0003 0.0006 
F X W 6 1266* 4636 3725 6 0.0044 0.0045 0.0016 
Error 11 343 4935 6262 11 0.0038 0.0021 0.0018 
Table 26. Analysis of variance of coefficient of digestibility of protein and fat, and nitrogen 
retention in Experiment III 
Digestibility of Digestibility of Nitrogen 
Source of protein retention 
variation df df MS df MS 
Replicate (R) 1 0.01 1 9.69 1 0.18 
Treatment (T) 11 14.26 11 20.98 11 10.73 
Feather meal (F) 3 29.15 3 38.67 3 15.47 
linear CD 48.77 (D 90.91* (1) 1.63 
quadratic (1) 37.61 (D 23.70 (D 44.08 
cubic CD 1.07 (D 1.40 (D 0.70 
Whey (W) 2 15.28 2 11.53 2 4.51 
linear CD 10.84 CD 5.65 CD 2.57 
quadratic CD 19.72 (1) 17.41 (D 6.45 
F X W 6 6.47 6 15.27 6 10.43 
Error (a) 11 
92.71** 
11 15.79** 
252.86 
11 17.44** 
38.43* Collection (C) 1 1 1 
C X T 11 9.11 11 11.38** 11 10.87 
C X F 3 18.99** 
12.80** 
3 19.14* 3 30.27** 
C X W 2 2 9.19 2 2.80 
C X F X W 6 2.94 6 8.23 6 3.87 
Error (b) 12 0.61 12 2.39 12 2.37 
Table 27. Analysis of variance of weight gain and feed conversion In Experiment IV 
Weight gain Feed/gain 
Source of 
variation df 
l-Awks 
MS 
4-8wk8 
MS 
l-Bwks 
MS df 
l-4wks 
MS 
4-8wka 
MS 
l-8wks 
MS 
Replication (R) 1 818 11125** 7809 1 0.0005 0.0542 0.0495* 
Treatment (T) 11 329 1786 2968 11 0.0042 0.0116 0.0095 
Feather meal (F) 3 1125* 2619 6997* 3 0.0126 0.0048 0.0104 
linear CD 3182** 625 5355 CD 0.0291 0.0003 0.0134 
quadratic (1) 192 
* 
5792 8748* (1) 0.0084 0.0140 0.0176 
cubic (D 1 1440 6888 CD 0.0003 0.0001 0.0002 
Yeast (Y) 2 22 334 305 2 0.0026 0.0137 0.0195 
linear (1) 32 3 325 CD 0.0039 0.0056 0.0169 
quadratic (1) 12 665 285 CD 0.0013 0.0218 0.0221 
F X Y 6 10 1854 1841 6 0.0006 0.0142 0.0071 
Error 11 200 1135 1751 11 0.0072 0.0171 0.0086 
Table 28. Analysis of variance of coefficient of digestibility of protein and fat, and nitrogen 
retention in Experiment IV 
Digestibility of Digestibility of Nitrogen 
Source of 212^ £iJt retention 
variation df df MS df MS 
Replicate (R) I 2.33** 
56.24* 
1 2.24. 1 7.86* 
Treatment (T) 11 11 8.67^^ 11 27.02 
Feather meal (F) 3 193.25 * 3 19.20 3 97.42** 
linear (1) 522.27** (1) 
49.53** 
CD 143.33** 
quadratic (1) 54.53* (1) CD 144.53** 
cubic (1) 2.95 (1) 2.12 CD 4.40 
Yeast (Y) 2 6.48 2 15.81* 2 0.96 
linear (1) 11.23 CD 2.70* CD 1.84 
quadratic (1) 1.73 CD 28.92 CD 0.08 
F X Y 6 4.32 6 1.02 6 0.49 
Error (a) 11 8.96^_ 11 3.03^^ 11 7.88 
Collection (C) 1 294.52* 1 19.99 1 1740.86** 
C X T 11 9.38** 11 2.99 11 
16.53 C X F 3 9.30* 3 2.28 3 
C X Y 2 :::: 2 5.47 2 2.20 C X F X Y 6 6 2.53 6 0.59 
Error (b) 12 1.58 12 1.66 12 2.39 
